Introduction
A synthetic magnetite with a carbon-iron(lI) oxide layer (CIO layer) showed its reactivity for water splitting at substantially low temperature of 350°C [I]. It can be synthesized by the carbon-deposition reaction from COz gas on oxygen-deficient magnetite, composing of the stoichiometric magnetite (Fe304),4 and a CIO layer represented by (Fe303)sC,. The latter portion on CIO layer serves water splitting to form Hz gas at 350°C. Recently, complete decomposition of C02 to carbon with oxygen-deficient fenites (ODFs) at 300°C has been reported [2] . The ODF can be synthesized by H2 reduction of spinel femte at 300°C and is represented by a general formula MxFe3.x04.S where M is a bivalent metal ion such as Zn, Co, Mn and Ni; 6 denotes the oxygen deficiency. The carbon of C02 is deposited on the material surface and oxygen ions are incorporated into the crystal lattice of the ODF. Ni(I1) femte revealed the highest reactivity among oxygen-deficient ZNII), Mn(II), Co(I1) and Ni(I1) femtes.
In this paper, a carbon-bearing Ni(I1) fenite (CBNF) is synthesized by C02dewmposition reaction on Hz-reduced Ni(I1) fenite. The CBNF is characterized by X-ray dklhctometry, Mossbauer spectroscopy, X-ray photoelectron spectroscopy and chemical analysis.
Experimental
Ni(I1) femte (NF) (Ni:Fe mole ratio, 0.15) was synthesized by the air-oxidizing Fe(II)/Ni(II) mixed hydroxide suspension for 6 h at pH 9 and at 65°C according to the previous reports [3] . The product was washed successively with distilled water and acetone, and then heated to remove adsorbed water and acetone in an N2 gas stream at 300°C for 3 h. CBNF, NixFe~.x04aCs, was prepared by repeated C02 decomposition on NF as follows: A 5.0 g portion of the NF was partially reduced to form an oxygen-deficient Ni(I1) femte (NiSe3.x044) in a quartz tube reactor by passing Hz for 30 min at 300°C. After evacuation of the reactor, 80 cm3 of COz gas was injected to react with the oxygen-deficient NF for 4 h at the same temperature. This procedure was repeated 10 times to form the CBNF. The solid phase was identified by X-ray diEractometry (XRD) with Fe K a radiation, X-ray photoelectron spectroscopy ( X P S ) and Mossbauer spectroscopy.
Mossbauer spectra were recorded at room temperature with a "CO source diffused in metallic Rh, which was oscillated in constant acceleration mode. The spectra were calibrated with an iron foil absorber. The surface of the CBNF was characterized by XPS. Monochromatic AI-Ka radiation at 350 W was used to obtain the C 1s spectra. The F~'+:F&, mole ratio of the samples was determined by colorimetry using 2,2'-bipyridyl and Inductively coupled plasma (ICP) spectrometry. The oxygen content was determined by thennogravimetry. Carbon was determined using an elemental analyzer.
Results and discussion
The chemical composition of the NF prepared by the wet method was determined to be Ni0.382Fe2.61803.992. The Ni:Fe mole ratio was equal to that used at preparation. The XRD pattern of the NF showed only those peaks characteristic of the spinel Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19971279 JOURNAL DE PHYSIQUE IV type structure, retaining the single phase. The lattice constant was 0.8376 nm, which is in agreement with that of the stoichiometric NF with an Ni:Fe mole ratio of 0.146 (Ni0.382Fe2.61804, a . , = 0.8375 nm) reported previously. The CBNF was also a single phase of the spinel type structure and did not contain any metallic or carbide phases. The lattice constant was 0.8380 nrn and larger than that of the stoichiometric NF. The chemical composition was determined to be N~~~~.~~~F~~+~.~~~F~~~~.~~~o~~~~c~ (8= 0.249, F 0.280). The maximum 6 value of the oxygendeficient NF is 0.16-0.19, indicating that the CBNF was more reduced. The lattice constant of the CBNF (0.8380 nm) is larger than that of the stoichiometric NF with the same Ni:Fe mole ratio of 0.146 (0.8375 nm), a value which has been smoothed using the lattice constants reported in the JCPDS cards.
Carbon-bearing iron(II) oxide layer (referred to as CIO layer) has been reported which can be formed on magnetite by repeated HZ-reduction/C02decomposition processes at 300°C, being a constituent of the carbon-bearing magnetite (CBM) [I] . The CIO layer is essentially amorphous and can be represented by (Fe303)sC,. It is possible to assume that two components of the bulk NF and the CIO-like surface layer will constitute the CBNF, as is the case for CBM. First, the chemical composition of the bulk N F is that corresponding to the lattice constant a,,=0.8380 nm and can be given as Ni0. Mossbauer spectra of the NF and CBNF corroborate the absence of a metallic iron phase within experimental error (Fig.  1) . The spectrum for the NF showed almost the same pattern as that of the CBNF, which is not shown. They could be well fitted to two sextets, a and b, assigned to the tetrahedral (A) and octahedral (B) sites, respectively, as well as to NF. Site assignments of iron ions can be made on the basis of an interpretation made on magnetite Fe304. The absorption intensity ratio I, & was 0.85 for the NF and 0.79 for the CBNF. The other Mossbauer parameters of the CBNF were in agreement with those of the NF. As mentioned above, the bulk composition of the CBNF is given by Ni0.30F~.7004. Assuming that there are Fe3+ ions which are not in a mixed valence state in the B sites and which contribute to sextet a as is the case of NF 141, the cation distribution of the bulk can be written as ~e3+1.00]~@i2'o.3$e3+o.lg~el.5~)~04, by using I&= 0.79 and then adjusting the mixed valence of Fel.~, in B sites to 2.54. The valence is nearly equal to that for magnetite (2.50). Therefore the above chemical formula can be concluded to be reasonable.
The carbon deposited on the CBNF was characterized using XPS. The C 1s core level spectnun could be well fitted to three peaks (Fig. 2) . A main peak at 284.6 eV was assigned to graphite; other peaks at 286.3 and 288.7 eV were due to the contribution of bound CO and CO,, respectively. Peaks attributed to carbide should be observed at 282 to 283 eV, but they were not found in the spectrum. Therefore, the possibility of presence of the carbide phases (FeC andtor FeC) was discounted. Most of the deposited carbon atoms from C02 were polymerized and formed graphite on the mface of the CBNF.
